This study aimed to provide the foundation for an integrative approach to the identification of the mechanisms underlying the response to infection with Trypanosoma congolense, and to identify pathways that have previously been overlooked. We undertook a large-scale gene expression analysis study comparing susceptible A/J and more tolerant C57BL/6 mice. In an initial time course experiment, we monitored the development of parasitaemia and anaemia in every individual. Based on the kinetics of disease progression, we extracted total RNA from liver at days 0, 4, 7, 10 and 17 post infection and performed a microarray analysis. We identified 64 genes that were differentially expressed in the two strains in non-infected animals, of which nine genes remained largely unaffected by the disease. Gene expression profiling at stages of low, peak, clearance and recurrence of parasitaemia suggest that susceptibility is associated with high expression of genes coding for chemokines (e.g. Ccl24, Ccl27 and Cxcl13), complement components (C1q and C3) and interferon receptor alpha (Ifnar1). Additionally, susceptible A/J mice expressed higher levels of some potassium channel genes. In contrast, messenger RNA levels of a few immune response, metabolism and protease genes (e.g. Prss7 and Mmp13) were higher in the tolerant C57BL/6 strain as compared to A/J.
Introduction
Tsetse fly-transmitted infection with Trypanosoma congolense is a serious constraint on livestock husbandry and economic development in sub-Saharan Africa. Although a number of control measurements have been implemented for many years, no significant progress has been achieved in the eradiation of the disease. 1 African trypanosomes are known for their ability to switch their surface antigens (variant surface glycoprotein) and to manipulate the host's immune system by a variety of immunosuppressive and -evasive mechanisms. 2, 3 The development of a vaccine has been particularly challenging and so far unsuccessful. 4 A better understanding of trypanotolerance, the ability of some indigenous breeds of cattle and other ruminants to resist sickness despite latent infection, seems to be the most promising approach to disease control. [5] [6] [7] A mouse model of genetic control of trypanotolerance exists based on A/J as a susceptible strain and C57BL/6 as a tolerant strain. This model is widely accepted and has led to the identification of five major quantitative trait loci (QTL) on mouse chromosomes 1, 5 and 17, associated with survival time. 8, 9 Until recently, most investigators have focused their research on the innate and adaptive immune response to T. congolense infection, investigating components such as trypanosome-specific and nonspecific antibody production, subsets of T cells, complement pathway, cytokine and nitric oxide production, and specific proteins such as heat-shock protein 70.1 and arginase. [10] [11] [12] [13] [14] [15] [16] [17] [18] Although these studies have led to important findings, the measurement of a small number of components in any one study has limited the ability to integrate individual results. Microarray-based gene expression assays provide the ability to study the expression of large numbers of genes simultaneously. We undertook a microarray study of gene expression in A/J and C57BL/6 mice to explore the ability of a more integrated analysis of genetics of trypanotolerance and identify pathways involved in trypanotolerance that had been previously overlooked.
Results
Kinetics of T. congolense infection in A/J and C57BL/6 mice A small number of blood parasites was observed in a few animals at day 4, but almost all animals had significant numbers of trypanosomes in their blood at day 6. The difference between strains in parasite numbers was significant (P ¼ 0.0005) with an average of 5.24 Â 10 6 and 3.02 Â 10 6 trypanosomes/ml blood in A/J and C57BL/6, respectively. As shown in Figure 1a , mice of both strains reached their peak parasitaemia at around day 8 post infection. At this stage, A/J mice had an average of at least 1.07 Â 10 8 trypanosomes/ml compared to 3.83 Â 10 7 trypanosomes/ml in C57BL/6 mice. Thus, mice of the susceptible A/J strain had approximately three times higher parasite load at this time point (t-test, Po0.0001). Animals of both strains were able to significantly reduce their parasitaemia by day 10, at which stage there was no significant difference between the two strains. A/J mice showed a rapid and extensive recurrence of parasitaemia that was almost 100 times higher than C57BL/6 at 18 days post infection. C57BL/6 also showed a recurrence of parasites, but the parasitaemia was significantly lower than in A/J at all stages (two-way analysis of variance (ANOVA), Po0.0001). Taken together, A/J and C57BL/6 mice significantly differed in the development and degree of parasitaemia (two-way ANOVA, Po0.0001).
Haemoglobin levels in A/J mice were significantly higher than in C57BL/6 pre-infection and this difference remained over the entire study period (Figure 1b , twoway ANOVA, Po0.0001). Both strains developed first signs of anaemia at day 4, at the time point when the first parasites were seen in the blood stream with significant reductions over time (two-way ANOVA, Po0.0001). The reduction of haemoglobin post infection did not differ significantly between the two strains.
A/J and C57BL/6 baseline differential gene expression The gene expression profiling was designed to characterize gene expression differences at four defined stages of trypanosomiasis, namely 'no infection', 'peak parasitaemia', 'clearance' and 'recurring parasitaemia' (Figure 1a ). Expression differences that were initially identified on microarrays using RNA from one set of mice were confirmed by quantitative polymerase chain reaction (PCR) from a second set of mice from an independent experiment. We identified 64 out of 7000 genes that were at least two-fold differentially expressed in uninfected A/J vs C57BL/6 mice. The expression of nine of these strain-specific genes was not further changed during trypanosome infection (Table 1) . Eighteen genes were more than two-fold higher expressed in A/J mice as compared to C57BL/6, of which four are involved in immunologic processes. Among the in A/J overexpressed genes was phosphatidylethanolamine binding protein (Pbp). Real-time PCR confirmed that this gene was on average 2.14-fold (range 2.02-2.27) more highly expressed in A/J than C57BL/6 at all time points (n ¼ 10/strain). We observed 46 genes that had significantly higher expression levels in uninfected C57BL/6 mice. Several of these genes are involved in metabolism and biosynthesis (13 out of 46), and another five genes play a role in immunological pathways. Table 1 gives a summary of the differentially expressed genes in noninfected mice, including their chromosomal localization. The nine genes for which expression was largely unaffected by the disease are marked with an asterisk (*).
Time course and expression patterns during the disease progress Day 4. At this time point, where individuals had very few parasites in their blood, A/J mice appeared to have higher expression levels of genes of metabolic, biosynthesis and molecular transport pathways. Among these genes (marked with B in Table 2 ) were glucose-6-phosphatase (G6pc) and carbonic anhydrase 3 (Car3). Out of the 34 genes with at least two-fold higher expression in A/J vs C57BL/6 mice, a remarkably high number of genes was involved in cell growth and differentiation (anti-apoptosis) as well as increased expression of cell surface receptors (marked with # in Table 2 ). The relative gene expression changes between days 0 (not infected) and 4 are depictured as a scatter plot in Figure 2a . A list of the 50 differentially expressed genes is given in Table 2 .
Day 7.
The 48 genes recorded in Table 3 represent the smallest number of differentially expressed genes Parasites were counted from 3 ml of blood, diluted 1:200 in Alsevers solution, under the microscope using a haemocytometer. Average parasite counts are expressed as number of parasites per ml. A/J mice had significantly higher parasite counts at day 8 (t-test, Po0.0001), but both strains were able to reduce their trypanosome load by day 10 at which stage there was no significant difference between the two strains. However, the parasite numbers were again significantly higher in A/J mice at all following time points (twoway ANOVA, Po0.0001). (b) To determine blood haemoglobin content, an additional 2 ml of blood was collected and diluted in 150 ml distilled water. After lysis of erythrocytes and removal of the cell debris, supernatants were transferred into 96-well plates, and optical density at 540 nm was determined using an enzyme-linked immunosorbent assay plate reader. Sampling and measurements were carried out in triplicate for each mouse. A/J and C57BL/6 mice had significantly different levels of haemoglobin (two-way ANOVA, Po0.0001) and maintained this difference throughout the study period. *Indicates statistically significant difference.
between the two strains at any of the time points investigated. Whereas mice of the susceptible strain continued to overexpress genes of metabolism-related pathways (B), they also overexpressed the interferon alpha/beta receptor (Ifnar1) and the C1q complement receptor gene (both marked with N) when compared to Table 1 Genes that were Xtwo-fold up-regulated in A/J (top part) and C57BL/6 (bottom part, next page) at day 0 On day 7, in comparison to A/J, C57BL/6 showed increased expression of genes associated with signal transduction and transcriptional regulation (marked with y) such as nuclear factor of activated T cells (NFAT5) and presenilin 2 (Psen2). Chemotaxis and inflammatory response genes (marked with N) were also higher expressed in C57BL/6 mice. The scatter plot in Figure 2b illustrates the changes in differential gene expression occurring between day 4 and 7.
Day 10. Sixty-eight genes were more than two-fold differentially expressed between the susceptible A/J and the resistant C57BL/6 strain ( Table 4 ). Compared to previous time points, at this stage, when parasitaemia was not significantly different between the two groups, both strains appear to have activated a number of genes of the acute phase and inflammatory response. Genes that were more highly expressed in A/J included serum amyloid A2 (Saa2), which was confirmed by realtime PCR (average difference 4.133-fold, range 2.38-5.88, n ¼ 4/strain), and Cxcl13, Ccl6 and Ccl27 (N). In contrast to A/J mice which mainly overexpressed chemokine genes, only two out of six C57BL/6-specific host-defence genes (N) belonged to the chemokine family. One of Table 2 Genes that were X2-fold up-regulated in A/J (top part) and C57BL/6 (bottom part) at day 4 these genes was Cxcl9. Real-time PCR of Cxcl9 showed a 3.09-fold (range 2.18-4.35, n ¼ 10/strain) difference between the two strains at all time points. This was an interesting finding, as the microarray data suggested a significant upregulation only at day 10 post infection. Further, the trypanotolerant strain overexpressed several genes coding for proteases ('), including matrix metalloproteinase 13 as compared to the susceptible strain. C57BL/6 also continued to maintain a high metabolic activity (B). Changes in differential gene expression between days 7 and 10 are shown as a scatter plot in Figure 2c .
Day 17. At this stage, when we observed a massive recurrence of trypanosomes in the blood of A/J mice, we found the highest number (91) of differentially expressed genes (Table 5 ). Most genes are more highly expressed in the susceptible A/J strain. Of the 70 such differentially expressed genes, a large number of them are chemokine genes, with a total of 17 immune response genes (N), 13 metabolism-related genes (B), and another three genes involved in proteolytic processes ('). A/J mice also showed higher expression levels of potassium channel genes (z) compared to C57BL/6. Twentyone genes were more highly expressed in C57BL/6 compared to A/J, and most of these genes had been differentially expressed in the uninfected mice. The scatter plot displayed in Figure 2d illustrates a shift to higher gene expression levels in the A/J strain. In the real-time PCR, macrophage receptor/collagenous structure (Marco) and complement component 3 (C3) were 3.48-to 5.44-fold and 4.25-to 6.20-fold more highly expressed in A/J compared to C57BL/6 at this time point. Genes such as cytochrome P450, family member 4 (Cyp4a14), carbonic anhydrase (Car3) and catalytic glucose-6-phosphatase (G6pc) are upregulated in A/J, genes labelled adipose differentiation related protein (Adfp), presenilin 2 (Psen2), structural p-lysozyme (Lzp-s) and steaoryl-coenzyme A desaturase 1 (Scd1) are upregulated in C57BL/6 mice. (c) Scatter plot of A/J vs C57BL/6 ratios on days 7 and 10. More higher expressed genes were (among others) interferon alpha/beta receptor 1 (Ifnar1), chemokine (C-X-C motif) ligand 13 (Cxcl 13), chemokine (C-C motif) ligands 8 and 6 in A/J and chemokine (C-X-C motif) ligand 9, interferon-activated gene 203 (Ifi203) and bone marrow stromal cell antigen 1 (Bst1) in C57BL/6. (d) Scatter plot of A/J vs C57BL/6 ratios on days 10 and 17. Serum amyloid A 2 (Saa2), Apo A4, K inward rectifying channel family J 10 (Kcnj10), chemokine (C-C motif) ligand 24 and orosomucoid 1 (Orm1) appeared higher expressed in the A/J, whereas selen binding protein 2(Selenbp2), serin/threonin kinase 25 (Stk25) and glutathione S-transferase alpha 2 (Gsta2) were higher expressed in the C57Bl/6 strain.
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The hierarchical cluster in Figure 3 illustrates very distinct time-specific differential expression patterns, with clear clusters of higher expression in A/J (red) at days 7, 10 and 17. Time-specific clusters were less pronounced for genes that were more highly expressed in C57BL/6 mice (green). Overall, we observed 35 genes with a strong strain association (Figure 4) . Among the 20 genes more highly expressed in C57BL/6 mice were major urinary proteins 1 and 4 (Mup1, Mup4), haemolytic component (Hc) and Bcl2-interacting killer-like (Biklk). The expression of another 15 genes appeared generally higher in the susceptible phenotype of A/J mice. These include genes coding for Pbp, Apo A4 and serum amyloid P component (Apcs) among others.
Pathways associated with trypanotolerance
We carried out pathway analyses to put the differentially expressed genes into a functional context that would provide information on which mechanisms might be important in controlling resistance to the infection with T. congolense. Statistically significant (Po0.0001) association with the trypanotolerant C57BL/6 strain was seen in the pathways for bile acid and cholesterol synthesis with an upregulation of genes coding for alcohol dehydrogenase 1a (Adh1a), acyl-CoA oxidase 1 (Acox1), aldoketo reductase 1c1 (Akr1c1), 3beta-hydroxysteroid dehydrogenase (Hsd3b1), cytochrome P450 enzyme 7b1 (Cyp7b1), and acyl-CoA:cholesterol acyltransferase 2 (Soat2). Additionally, C57BL/6 mice also showed much more of the classical complement response genes C5, C5a Table 4 Genes that were Xtwo-fold upregulated in A/J (top part) and C57BL/6 (bottom part) at day 10 Table 5 Genes that were Xtwo-fold upregulated in A/J (top part) and C57BL/6 (bottom part, next page) at day 17 and C9 as compared to A/J. Susceptibility in the A/J strain was associated with an upregulation relative to C57BL/6 of genes involved in acute-phase response and chemotaxis. Generally, the transcriptional response in A/J mice is much more extensive with an activation of a striking number of chemokine genes, including Ccl24, Ccl27, Ccl8, Ccl9, Cxcl1 and Cxcl13. Our pathway analysis did not reveal any significant linkage between susceptibility and a specific pathway.
Integrating QTL mapping and gene expression profiling Based on the previously published fine mapping of QTL associated with survival after T. congolense infection (trypanosome infection response, Tir), we were able to identify three differentially expressed genes that are within 1 cM of one of the three QTLs. Complement component C3 with a chromosomal localization on MMU17 (34.3 cM) is located within the QTL region designated Tir1. C3 is one of the genes specifically upregulated in A/J mice during the recurrence of the infection (day 17). Its differential expression was also confirmed by real-time PCR that indicated an average fold difference of 5.22 (range 4.25-6.19, n ¼ 2/strain). Serum amyloid P component (Apcs) is located on MMU1 at 94.2 cM, within the Tir 3c locus. The third gene, serine/ threonine kinase 25 (Stk25) has been mapped to MMU1 (58 cM), which is in close proximity to the Tir 3a locus with its peak at 59 cM.
Discussion
The present study provides the foundation for a more integrative approach towards the understanding of trypanotolerance. In order to identify the most informative time points, we undertook a time course study where the main characteristics of T. congolense infection, parasitaemia and anaemia, were monitored in susceptible A/J and tolerant C57BL/6 mice for up to 18 days. Based on these data, we performed a microarray-based gene expression analysis comparing the two mouse strains at days 0 (not infected), 4 (pre-peak parasitaemia), 7 (peak parasitaemia), 10 (clearance) and 17 (recurrence) post infection. Our findings indicated that susceptibility is associated with higher expression of genes coding for chemokines, alternative complement components and interferon receptors during the recurrence of parasitaemia. Additionally, the expression of some potassium channel genes was higher in A/J mice at this stage. In contrast, the tolerant C57BL/6 strain overexpressed fewer genes, with a focus on the classical complement cascade and genes of the bile acid and cholesterol pathways. A/J mice are known to have a functional null allele (Hc 0 ) of the complement C5 component. The gene is expressed but the protein is not secreted. 19, 20 We observed a two-fold overexpression of this gene in C57BL/6 which have an intact copy of the gene, suggesting that the mutation in A/J caused by a two base pair deletion near the 5 0 -end of the gene may also lead to some non-sense-mediated decay. It is possible that the absence of a functional copy of this gene leads to knock-on effects elsewhere in the complement cascade such as the overexpression of C3 in A/J mice, which may be a consequence of a feedback control loop stimulating higher expression of C3 in the absence of C5.
Recent findings suggest that regulation of cholesterol metabolism in macrophages impacts antimicrobial response, cytokine secretion and phagocytosis. [21] [22] [23] Many functions in immune cells are coordinated from lipid rafts in the plasma membrane. Although the contribution of cholesterol-dependent lipid assemblies to this complex is still controversial, it might be the link between the innate immune response and metabolic adjustments. 24 Macrophages and Kupffer cells have previously been shown to be mainly responsible for the clearance of trypanosomes. These cells have a high capacity for cholesterol recycling and turnover and the upregulation of genes involved in this pathway might be the critical transcriptional adaptation required for trypanotolerance. Interestingly, two of the Tir QTLs, namely Tir2 and Tir3, are located in chromosomal regions where QTLs for cholesterol absorption and high-density lipoprotein levels are mapped. [25] [26] [27] [28] [29] Although trypanotolerance was significantly associated with the activation of the classical complement cascade and cholesterol and bile acid pathways, no specific pathway seemed to be linked to susceptibility. Failure to control parasitaemia might be owing to the inadequate metabolic adaptation and an overactivation of the immune system rather than specific initiation. In this context, the immune response might be detrimental for the host but insufficient to clear the parasites.
Our initial kinetics study shows that the infection with T. congolense is following a similar course in both susceptible and tolerant strains. Although some studies indicate that the ability to control anaemia is an important factor in progression of the disease, 30 we were unable to detect significant differences between the strains caused by trypanosome infection. One explanation might be that anaemia is usually becoming a critical factor in the late stage of the disease and our experiment did not cover these late time points. The choice of time points was somewhat difficult, as the physiological parameters measured at a given stage, can be regarded as the result of the gene expression, which might have occurred minutes, hours or days before. However, the number of differentially expressed genes at a given time point correlated well with the differences in disease status observed in the two strains. The number of differentially expressed genes was lowest at day 7, anticipating the clearance of parasites with no significant difference in parasitaemia between A/J and C57BL/6 at day 10. The most obvious strain differences in both transcriptional level and disease status were observed during the recurrence phase.
It is noteworthy that the gene expression differences seen in the microarray study were consistently confirmed by real-time PCR of selected genes. The RNA samples used in the real-time PCR were from different animals to those used in the microarray experiments. Thus, we were able to confirm not just that microarray assays were accurate but also that the differential expression was reproducible in two independent experiments.
Whether or not the differential expression of genes in uninfected animals is relevant to the outcome of the infection with T. congolense remains unknown at this stage. Some of these genes do not show differential expression levels at some stages post infection. Only nine of the differentially expressed genes in uninfected mice remained differentially expressed at all times post infection (Table 1) .
This study was a first attempt to integrate transcriptional regulation and QTL mapping in a mouse model of trypanotolerance. Although, we identified three differentially expressed genes that map within 1 cM of one of the Tir loci, the possibility of this occurring by chance is Figure 3 Hierarchical cluster of mean gene expression levels. Single-linkage hierarchical cluster analysis of the genes upregulated in A/J (red) or C57BL/6 mice (green) over each of the time points was performed using the MaxD software. relatively high. Additionally, the number of genes investigated by this microarray study was approximately 7000, which in turn restricted the number of genes that are located within QTL interval that are represented on the microarray. Nevertheless, our results indicate at least one pathway, namely complement activation, is related to differences in resistance. 15, 31 In the case of complement activation, complement component B is situated in close proximity to C3 (Tir1) but is not on the microarray. Our results also substantiate the findings of others, indicating that interferons 13, 32 and arginase 12 are factors associated with susceptibility or resistance. However, the study by Duleu et al. suggested that macrophages of the susceptible strain express higher levels of arginase I and II, whereas we found that arginase I was more highly expressed in the tolerant C57BL/6 strain. This difference might be a time point-dependent effect or due to differences between in vivo and ex vivo analysis. Our data support the hypothesis that it is metabolic pathways and protease activity that should be explored as new anti-parasitic mechanisms. 33 Most importantly, our study strongly suggests for the first time a possible role of chemokines and specific ion channels in the host response to trypansosome infection.
Materials and methods

Animals
All animals were housed in the animal facility of the International Livestock Research Institute (ILRI), Nairobi, Kenya. C57BL/6 and A/J mice were used at 5-8 weeks of age. Animals received food and water ad libitum. All experimental procedures were approved by the Institutional Animal Care and Use Committee (IACUC) at ILRI.
Murine model of African trypanosomiasis T. congolense clone IL 1180 34 was grown in sub-lethally irradiated Sprague-Dawley rats, and trypanosomes were Figure 4 Cluster analysis revealing strain-specific expression patterns. Single-linkage hierarchical cluster analysis of the genes upregulated in A/J (red) or C57BL/6 mice (green) over each of the time points was performed using the MaxD software.
isolated from infected rat blood by anion exchange column. 35 C57BL/6 and A/J mice were infected by intraperitoneal injection of 1 Â 10 4 parasites in 200 ml of phosphate-buffered saline (pH 8.0) containing 1.5% glucose. Naive animals from each strain were used as controls.
Monitoring the disease progress, parasitaemia and anaemia The first experiment was designed to define the kinetics of the disease and to compare the main characteristics of parasitaemia and anaemia between A/J and C57BL/6 mice. Each mouse was monitored for parasitaemia and anaemia every second day by collecting 5 ml of blood from the tail. Additionally, one group of animals per strain (n ¼ 6) was killed every second day until day 18 post infection and the liver was snap frozen in liquid nitrogen for subsequent RNA isolation. In the second experiment (microarray study), individuals were randomly checked for parasitaemia. Groups of mice (n ¼ 6) were killed at 0, 4, 7, 10 and 17 days post infection, enabling us to group the animals according to five distinct phases of the disease as defined by the first experiment. The stages of disease were: stage 1 ¼ noninfected; stage 2 ¼ infected, low but increasing parasite counts; stage 3 ¼ peak parasitaemia (usually parasite counts X10 7 ); stage 4 ¼ clearance with low parasite counts after the peak; stage 5 ¼ recurrence, increasing parasite counts after first peak and first clearance. Again, the liver was snap frozen in liquid nitrogen for subsequent RNA extraction.
Assessment of parasitaemia and anaemia
To determine the animal parasite load, tail blood samples (3 ml) were collected and diluted 1:200 in Alsevers solution (3 mM citric acid, 114 mM dextrose, 72 mM sodium chloride and 27 mM sodium citrate). Parasitaemia, expressed as number of trypanosomes/ ml, was evaluated manually by counting the number of parasites in the blood using a haemocytometer. Anaemia was defined indirectly by measuring the relative haemoglobin concentrations. Samples of 2 ml blood per animal were collected from the tail and diluted in 150 ml of distilled water in a 96-well round bottom plate (Costar 3799, Corning Inc., Corning, NY, USA) followed by a 30 min incubation at room temperature. Cell debris was pelleted by centrifugation at 600 g for 10 min. A total of 100 ml of the supernatant was transferred to a new plate and the optical density was measured at 540 nm in an enzyme-linked immunosorbent assay plate reader (Multiscan MCC/340, Titertrek Instruments, Huntsville, AL, USA). Sampling and measurements were carried out in triplicate from each mouse.
RNA isolation
Total RNA from liver was isolated using Trizol Reagent as described previously. 36 Microarray hybridization Gene expression differences were assessed in two independent experiments. For the microarray experiment, a pool of liver RNA from groups of five animals per strain and time point was produced to reduce individual variability. Approximately, 60 mg of total RNA was reverse transcribed using oligo dT (T 23 ) primer and MMLV II reverse transcriptase (Invitrogen, Paisley, UK).
First-strand cDNA was purified using PCR purification columns (Qiagen, Crawley, UK) and eluted in 50 ml water. From each sample, 20 ml cDNA was labelled with either Cy3 or Cy5 dye (1 mM) and purified with ProbQuant G-50 microcolumns (Amersham, Little Chalfont, UK). For each hybridization, differently labelled cDNAs from both strains at a given time point were combined and hybridized to Compugen 7000 'known gene' oligo arrays at 451C overnight. Each hybridization (time point) was conducted in triplicate including one colour swap. Slides were washed in a series of 2 Â SSC, 0.1 Â SSC/0.1% SDS and 0.1 Â SSC. Normalization and data analysis was performed using MaxD software (http://umber.sbs. man.ac.uk/microarray/maxd/).
Real-time PCR
Individual RNA samples obtained from an experiment other than the microarray study were used for real-time PCR of a small number of genes showing interesting differences in the microarray assays. Approximately 1 mg of total RNA was treated with DNaseI (Ambion, Huntington, UK) according to the manufacturer's protocol. The reverse transcription reaction was performed with Stratascript Reverse Trascription kit using 200 ng random hexamer primers. Approximately, 100 ng cDNA was used in each PCR reaction with 6 pmol of the genespecific forward and reverse primers in a total volume of 20 ml. Reactions were carried out in a Corbett RotorGene thermocycler (Corbett Life Sciences, Cambridge, UK) using Quantitect SYBRgreen PCR mix (Qiagen). PCR reactions were performed in triplicate per individual. Two individuals/strain/group were used and standardized against the beta-actin gene. We used the comparative quantitation (DDC t ) to express messenger RNA level differences at each time point between the two strains.
Data analysis
MaxD software was used for the analysis of the microarray data. 37 Normalization was performed using standard methodologies. 38 For other statistical analysis, we used Prism4 software (GraphPad Inc., San Diego, CA, USA), ANOVA with post tests using the Bonferroni method and test for linear trend. Student's t-test was used for two-group comparisons. Data are expressed as mean7s.e.m. and Po0.05 was considered statistically significant.
